Summary A possible pathogenic mut.ation in the glucagon receptor gene causing a Gly to Ser change at codon 40 (Gly40Ser) was reported to be associated and linked with non-insulin-dependent diabetes mellitus (NIDDM), in France and Sardinia. Since the frequency of the mutation (Gly40Ser), about 5 % in the French population of familial NIDDM and 8 % in randomly chosen diabetic patients in Sardinia, was much higher than that of any of the previously reported mutations in candidate genes, it is important to clarify whether the contribution of this mutation to NIDDM is universal. In this study, we investigated the association of this mutation with diabetes mellitus in a large number of Japanese diabetic patients (383 NIDDM and 53 insulin-dependent diabetic patients) by polymerase chain reaction-restriction flagment length polymorphism analysis. None of the Japanese diabetic patients showed Gly40Ser mutation and the association of this mutation with NIDDM was significantly different (p < 4.10 -s vs French, p < 3 -10 -6 vs Sardinian by Fisher's exact test). The results not only indicate that the mutation plays little, if any, role in susceptibility to diabetes in Japan, but also indicate the genetic heterogeneity in NIDDM and further emphasize the importance of studies on genetic susceptibility to NIDDM and other complex traits in different ethnic groups. [Diabetologia (1995) 38: 983-985] Key words Glucagon receptor gene, susceptibility, missense mutation, non-insulin-dependent diabetes mellitus.
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Non-insulin-dependent diabetes mellitus (NIDDM) is a genetically heterogeneous disorder, and several mutations in the candidate genes have been identified. However, these mutations are present in only a few diabetic patients. Recently, Hager et al. [1] reported an association and linkage between NIDDM and a possible pathogenetic mutation in the glucagon receptor gene causing a Gly to Ser change at codon 40 (Gly40Ser), in France and Sardinia. The frequency of the mutation (Gly40Ser), about 5 % in the Received: 27 April 1995 French population of familial NIDDM and 8 % in randomly chosen diabetic patients from Sardinia, was significantly higher than that in control subjects. Since the frequency of the mutation was much higher than that of any of the previously reported mutations in candidate genes, such as glucokinase [2] [3] [4] , mitochondria [5, 6] , insulin and insulin receptor genes, it is important to clarify whether the contribution of this mutation to NIDDM is universal.
In this study, we investigated the association of this mutation with diabetes in Japanese patients by polymerase chain reaction-restriction fragment length polymorphism analysis (PCR-RFLP).
Subjects and methods
We i:vestigated 383 unrelated Japanese patients with NIDDM, diagnosed according to the guidelines of the National Diabetes Data Group. Of these patients 228 (60 %) had a family history of diabetes in their first-degree relatives. Fiftythree patients with insulin-dependent diabetes mellitus (IDDM) were also investigated. DNA, extracted from peripheral blood leukocytes, was used for the detection of the Gly40Ser mutation by PCR-RFLP analysis as reported [1] and the PCR products were separated on 9 % polyacrylamide gel.
Statistical analysis
Data are expressed as mean + SD and the significance of the difference in mutation frequencies was determined by Fisher's exact test.
Results
Patients with NIDDM were 15-86 years of age with an age at diagnosis 45.7 + 12.3 years. Patients with IDDM were 13-76 years of age with an age at onset 25.9 _+ 13.7 years.
In our study, all the 436 subjects tested were homozygote for wild-type allele, indicating that the mutation in the glucagon receptor gene (Gly40Ser) was not found in any Japanese subjects. Compared with the previous report [1] , the association of Gly40Ser mutation with NIDDM was significantly different (Table 1) .
T. Fujisawa et al.: Glucagon receptor gene mutation opment of NIDDM. In fact, racial differences in the association of candidate genes with NIDDM have previously been reported. Association of the glucokinase gene polymorphism with diabetes was observed in American black [2] and Japanese [3, 4] , but not Caucasoid subjects [7] . Similarly, the glycogen synthase gene polymorphism was associated with NIDDM in Finnish [8] and French [9] , but not in Japanese subjects [10] . Different frequencies of the 3243 mutation in mitochondrial DNA among different ethnic groups have also been reported [5, 6] . Given the likely heterogeneity of NIDDM, the importance of the glucagon receptor gene in susceptibility to NIDDM may also vary in different ethnic groups.
Our data showing that the glucagon receptor gene polymorphism (Gly40Ser) was not found in Japanese individuals does not necessarily indicate that this gene does not contribute to genetic susceptibility to NIDDM in Japanese patients, because the five other reported polymorphisms in the gene were not investigated in our study. However, the high frequency (5-8 %) of the Gly40Ser mutation in NIDDM observed in France and Sardinia [1] was not confirmed in Japanese subjects, suggesting that the contribution of this mutation to the pathogenesis of NIDDM may not be universal. The results indicate the genetic heterogeneity in NIDDM and further emphasize the importance of studies on genetic susceptibility to NIDDM and other complex traits in different ethnic groups.
In conclusion, the absence of the Gly40Ser mutation in 383 Japanese patients with NIDDM and 53 patients with IDDM makes it unlikely that this mutation is the major cause of genetic susceptibility to diabetes in Japanese subjects. The role of glucagon receptor in diabetes in other ethnic groups remains to be explored.
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Discussion
None of the Japanese diabetic patients in this study had the mutation in the glucagon receptor gene (Gly40Ser). The association of Gly40Ser mutation with NIDDM in Japanese subjects was significantly different ( Table 1 ) compared with that of French and Sardinian populations, suggesting that the contribution of this gene to NIDDM may not be universal or merely that a founder effect was not observed in our isolated population.
The reason for the different frequencies between the two studies is not clear, but one possible reason is racial difference; i.e., difference in genetic and environmental background which might lead to devel-
